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Abstract
Bethe-Salpeter approach has been applied to the study of b→ c transitions both for
heavy mesons and heavy baryons. Meson and baryon IW functions are calculated
on the equal footing. A reasonable agreement with the experimental data for heavy
to heavy semileptonic transitions has been obtained.
The remarkable progress in the Heavy Quark Effective Theory (HQET) 1 still leaves
a large room for the application of model studies of the momentum dependence of
heavy hadron decay formfactors which, being governed by the dynamics of light con-
stituents, can not be determined from the first principles in QCD and HQET. (for
the review of the model approaches see e.g. 1,2) The nonrelativistic models, though
very simple and transparent, in general are known not to suffice for this purpose.
The Bethe-Salpeter (BS) approach provides a completely relativistic treatment of
the bound-state problem, in which the interaction operators between the parti-
cles can be constructed from the underlying field-theoretical Lagrangian. On the
other hand, the BS approach in the instantaneous approximation shares most of the
transparency of the nonrelativistic picture, and the corrections emerging due to the
deviation from the instantaneous limit are calculable by use of the quasipotential
method 3. For this reason, as well as in the view of the fact that the instantaneous
BS kernels (both for qq¯ and 3q cases) have become recently available from QCD-
based calculations 4, a systematic reexamination of the weak decay characteristics
simultaneously in the heavy meson and heavy baryon sectors seems to be very im-
portant. Most of the recent studies on the subject, however, have been restricted
to the meson sector only (see, e.g. 5,6), where the comprehensive analysis, based on
the BS equation, is carried out both in the heavy quark limit 5 as well as includ-
ing leading 1/mQ corrections
6. The investigations of heavy baryon decays mostly
utilize the quark-diquark approximation 7, which vastly reduces the complexity of
the problem and allows for the use of the technique developed for the description
of two-body bound states within BS approach. The quantitative treatment of the
weak decays of the genuine three-body bound systems, however, is still desirable.
Due to the extreme complexity of the above stated problem (especially, bear-
ing in mind the necessity of having to include the nonfactorizing contributions in
heavy baryon nonleptonic decays 8,9), one has to make some simplifying assump-
tions which, presumably, may be lifted at the subsequent stages of the investigation.
Namely, we assume:
• Instantaneous interquark interactions in the c.m. frame of the hadron (the
retardation effect can be studied perturbatively, with the use of the quasipotential
method).
• Spectator approximation for quarks which implies the negligence of the spin-
spin interaction between constituents 8 (for the Lagrangian formulation of the Spec-
tator Model see Refs. 9). The BS approach provides an appropriate tool for the
study of spin interaction effects, which can be embedded in the present framework,
after the complicated three-body dynamics in heavy baryon decays is well under-
stood.
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• ”Mass shell” approximation for quarks which implies the fixing of the momenta
of the constituent quarks in the heavy hadron w.f.-s on the mass shell and seems
to be natural in the spectator picture. This approximation allows one to arrive at
a very simple expression for various decay matrix elements which are given in the
form of the quantum-mechanical overlap integrals containing equal-time (ET) w.f.-s
of hadrons.
In the construction of matrix elements we abandon the ”two-tier” approach 10
which is schematically given as:
3D Equation → Equal-time w.f. → BS w.f. → Amplitudes
Though very successful and widely used in the construction of the two-body bound-
state transition amplitudes 5,6, the above approach, in our opinion, reveals some
undesirable properties when applied to the three-body bound states. Namely, the
BS w.f. constructed within this approach contains the ill-defined square root of the
δ-function 10. For this reason we prefer to work entirely in terms of the ET w.f.
within the covariant quasipotential approach.
We choose the instantaneity anzats for the three-particle pairwise kernel accor-
ding to Ref. 10. The different choice 11, in our opinion, seems to be less natural in
the view of the underlying field-theoretical content. In the spectator approximation
both forms, however, lead to the similar results.
At the present stage we apply the covariant quasipotential approach to the study
of b → c semileptonic transitions in the heavy quark limit. Under the approxima-
tions listed above the expression for the heavy baryon IW function can be easily
reduced to the form (details can be found in our forthcoming publication)
ξB(ω) =
1 + ω
2
∫ 2∏
i=1
d3~pi
(2π)3
φB({~pi})φB({~p ′i}) (1)
where ~p ′i = ~pi+~v
√
m2i + ~p
2
i +~v(~v·~pi)/(ω+1), ω =
√
1 + ~v 2 and i = 1, 2 corresponds
to the light constituents of the heavy hadron. The baryon ET w.f. φB is normalized
to unity.
If one assumes that two light constituents in the heavy baryon do not interact,
the simple result is obtained
ξB(ω) =
1 + ω
2
ξ
(1)
M (ω) ξ
(2)
M (ω) (2)
where ξ
(i)
M (ω) denote the meson IW functions corresponding to the light constituents
1 and 2, respectively. The expression for it is similar to (1)
ξ
(i)
M (ω) =
∫
d3~p
(2π)3
φ
(i)
M (~p) φ
(i)
M (~p
′) (3)
Below we present the results of the fit to the baryon and meson observables within
the BS approach (spectator picture). For simplicity, at the first step we have used
the oscillator w.f.-s φ ∼ exp(−~p 2/Λ2) with the same cutoff parameter Λ = 500MeV
in the meson and baryon sectors. The light constituent quark mass was taken to be
m = 250 MeV (in the rough estimate we use the same masses for u, d, s quarks).
The meson IW function calculated in our approach is well approximated by
ξM (ω) =
(
2
1 + ω
)2ρ2
M
with ρ2M =
3
4
+
(
m
Λ
)2
(4)
2
Consequently, according to Eq. (2), ρ2B = 1 +
2∑
i=1
(mi/Λi)
2. With the use of the
given above values for model parameters we obtain ρ2M = 1, ρ
2
B = 1.5. The results
of the calculations of heavy meson and heavy baryon observables are given in tables
1-4. We see that the results of our two-parameter fit agree well with the existing
experimental data and the predictions of other models.
Table 1. fB and fD decay constants in MeV.
Our UKQCD Ivanov[12] Faustov[13] Shuryak[14] Narison[15]
fD 226 200± 30 118± 59 200 220 173±16
fB 134 180± 40 92± 40 120 140 182±18
Table 2. Branching ratios (in %) and asymmetry parameters
in the decay B → D(D∗)eν¯
Theory Experiment
Br(B → D) 2.05 |Vbc/0.04|2 1.6± 0.7, 1.9± 0.5
Br(B → D∗) 5.35 |Vbc/0.04|2 5.3± 0.8, 4.56 ± 0.27
Br(B → D∗)/Br(B → D) 2.61 2.6+1.1+1.0
−0.6−0.8
αpol 1.71 1.1± 0.4 ± 0.2
α′ 0.63
AFB 0.083 0.20 ± 0.08 ± 0.06
ATFB 0.20
Table 3. Decay rates of bottom baryons
(in 1010 sec−1) for |Vbc| = 0.04
Process [16] [17] [2] [18] Our
Λ0b → Λ+c 5.9 5.1 5.14 5.39 6.02
Ξ0b → Ξ+c 7.2 5.3 5.21 5.27 6.40
Σ+b → Σ++c 4.3 2.23 2.47
Ω−b → Ω0c 5.4 2.3 1.52 1.87 2.62
Σ+b → Σ∗++c 4.56 5.13
Ω−b → Ω∗0c 3.41 4.01 5.47
Table 4. Asymmetry parameters for Λb decay
α α′ α′′ γ αP γP
Our -0.77 -0.12 -0.54 0.55 0.40 -0.16
[18] -0.76 -0.12 -0.53 0.56 0.39 -0.17
[19] -0.74 -0.12 -0.46 0.61 0.33 -0.19
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